Many types of genomic data can be represented in matrix format, with rows corresponding to genes and columns corresponding to gene features. The heat map is a popular technique for visualizing such data, plotting the data on a two-dimensional grid and using a color scale to represent the magnitude of each matrix entry. Prism is a Web-based software tool for generating annotated heat map visualizations of genome-wide data quickly. The tool provides a selection of genome-specific annotation catalogs as well as a catalog upload capability. The heat maps generated are clickable, allowing the user to drill down to examine specific matrix entries, and gene annotations are linked to relevant genomic databases.
Humans are surprisingly good at visual pattern recognition. Consequently, converting complex data sets into a visual format often leads to useful insights. We describe a tool for visualizing genome-wide data sets of the kind generated by microarray expression experiments. The tool, called Prism, is available for interactive use via a Web interface.
Prism represents data via a heat map ( Fig. 1) , which was popularized in the context of gene expression analysis by the TreeView program (rana.lbl.gov/EisenSoftware.htm). As such, Prism takes as input any genomic data set that can be represented as a collection of fixed-length vectors of real numbers. Microarray expression data are the most common such data, but many other types of data can be cast in the same format: occurrences of domains in protein sequences, occurrences of protein orthologs across multiple genomes (phylogenetic profiles), protein-protein interactions, occurrences of binding site motifs in promoter regions, etc.
The input to Prism is a tab-delimited text file, in which the first row contains the headers for each column and each subsequent row corresponds to a single gene or protein. By default, Prism assumes that the first column contains the gene identifier and that subsequent columns contain data. However, this format is flexible, and the user can specify that the gene * To whom correspondence should be addressed.
ID occurs in a different column, that some columns contain text to be printed next to the heat map and that some columns should be ignored entirely. In addition, the input file may contain 'flag' columns. A flag value in the n-th flag column indicates that the value in the n-th data column is missing or suspect.
In addition to providing the data file, the user must select a catalog and a Web database for use in annotating the heat map representation. Two sets of catalogs are currently available. One set is based on gene ontology annotations (Gene Ontology Consortium, 2000), including catalogs for human, mouse, rat, zebrafish, fruitfly, Caenorhabditis elegans, Arabidopsis and budding and fission yeasts. The other set includes 34 catalogs for Affymetrix chips derived from NetAffx annotations (Liu et al., 2003) . Each catalog contains multiple identifiers (delimited by commas) and a brief description for each gene, thereby allowing users to employ any standard naming scheme in their data files. Furthermore, users have the option of uploading their own data-specific catalog (in a simple, tab-delimited format). In addition to the catalog, the user-specified Web database is used to create hot links on each gene ID. When the user clicks the ID, the database is queried with that ID and the resulting page is displayed.
The primary Prism output is a single heat map representation of the entire data set (Fig. 1) . Rows and columns of the matrix are labeled by gene IDs and column titles, respectively. In addition, each row may be labeled with additional, user-specified columns and with annotations from the selected catalog. The order of rows in the matrix is the same as in the input file unless the user requests sorting according to a given input column. The data rows can also be filtered by a threshold imposed on a given input column. The color scheme for the heat map can be selected by the user. Flagged data values are indicated by gray boxes in the heat map.
Each row in the heat map representation is clickable, allowing the user to drill down to examine the behavior of a specific gene (Fig. 2) . These gene-specific pages are generated on the fly, and each one contains a line or histogram representation of the values associated with that gene. In these plots, flagged values are denoted by '+'.
Prism assigns an experiment number to every data file when it is uploaded for the first time. Using this number, the user can return later to the same data set or share experimental results with a colleague. Prism stores each data file, along with the user-specified display options, for seven days.
Prism is written in Perl using the CGI module. Heat maps are generated using matrix2png (Pavlidis and Noble, 2003) , and gene-specific plots are produced by gnuplot. Prism is freely available under a GNU public license. Two Perl programs for making the catalogs are also available: Go2Prism for making gene ontology-based catalogs and NetAffixer for making catalogs for Affymetrix chips.
Many software tools exist for visualizing and analyzing microarray expression data. These range from high-end commercially supported software costing thousands of dollars to freely available toolkits. Among these, TreeView and GeneXPress (genexpress.stanford.edu) are popular, free programs for viewing the results of gene expression clustering performed by the associated Cluster program. GeneXPress also includes additional analytical functions such as analyzing gene clusters for enrichment of transcription factor binding sites (e.g. TRANSFAC motifs) or functional annotations (e.g. Gene Ontology). These programs must be installed locally and are targeted specifically toward analyzing the results of clustering algorithms. Several, more complex Web-based platforms are available. For example, the EPCLUST module of the Expression Profiler package (ep.ebi.ac.uk) is a generic Web-based data clustering and visualization tool. Users can upload data files along with gene annotations and perform various clustering procedures. The Web-based GEDA (Gene Expression Data Analysis Tool) package (bioinformatics.upmc.edu/GE2/GEDA.html) also provides data normalization and clustering functions, and tests for differentially expressed genes. However, neither EPCLUST nor GEDA provides heat map visualizations. The BioArray Software Environment (base.thep.lu.se) is a free, Web-based platform for comprehensive management, storage and analysis of microarray data. In general, these tools are much more complex than Prism and accomplish a much broader range of analytical tasks.
Prism is targeted toward novice, casual or computer-shy users who are unwilling or are unable to install software tools on their local computers. Prism is useful, e.g. for many biologists who perform much of their microarray analyses in Microsoft Excel, which cannot produce heat maps visualizations but which can export tab-delimited text files for use by Prism. Prism is by no means a sufficient tool for microarray analysis, but by exploiting the powerful human visual system, Prism's graphical output can provide a valuable complement to traditional statistical analyses.
